Introduction {#sec0001}
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Neurofibromatosis type 1 (NF1), also known as von Recklinghausen disease, is one of the most common genetic neurocutaneous disorders with an estimated incidence of 1 in 2500 to 3000 individuals worldwide. Although the autosomal dominant inheritance pattern of NF1 has been confirmed for many years, approx. 50% of NF1 cases arises de novo in individuals with no known family history of NF1. Patients with NF1 are at high risk for peripheral or central nervous system (CNS) malignancies. In fact, relative to the general population, patients with NF1 harbor a 10- to 50-fold increased risk of developing deadly malignancies [@bib0001], [@bib0002], [@bib0003].

The most common malignant tumors in NF1 are malignant peripheral nerve sheath tumors (MPNSTs), which occur predominantly in patients who are 20 to 50 years old. MPNSTs are the most common cause of death in patients with NF1. Most of the CNS tumors in patients with NF1 are optic gliomas and brainstem gliomas, which are usually astrocytomas. These tumors are usually observed in children with NF1 and do not progress to malignancy; however, such CNS tumors do occur in adults with NF1, and these adults are prone to the development of higher-grade gliomas (although they are quite rare) [@bib0001],[@bib0002]. Tumors involving the spinal cord in patients with NF1 are rare, and thus spinal cord astrocytoma in patients with NF1 has not been well described [@bib0003], [@bib0004], [@bib0005]. To our knowledge, there are only a few English reports describing a spinal cord astrocytoma in a patient with NF1 [@bib0003], [@bib0004], [@bib0005]. Herein, we report a rare case of an elderly patient with NF1 following tumor resection twice for cutaneous MPNSTs developing intramedullary diffuse astrocytoma in the conus medullaris, which initially presented with traumatic spinal cord injury associated with a compression fracture from fall. Contrast-enhanced magnetic resonance imaging (MRI) and biopsy of the spinal cord were required to establish the final diagnosis.

Case report {#sec0002}
===========

A 69-year-old Japanese male presenting with severe back pain and mild numbness in the right lower extremity after fall was admitted to our hospital\'s emergency room. He had a complicated history of illness. He had already been diagnosed as having NF1. His father, 1 brother, and 2 sisters also had multiple skin nodules across their entire bodies, and they were all thus suspected of having NF1 too. The patient had undergone a tumor resection twice for cutaneous MPNSTs in the right shoulder and left buttock 18 months and 8 years earlier, respectively. No evidence of local recurrence had been found. MRI of the lumbar spine was performed and showed spinal cord swelling with intramedullary edematous change in the conus medullaris at the level of Th12 in addition to a compression fracture of Th12 ([Figs. 1](#fig0001){ref-type="fig"}). Since the patient's neurological symptom was mild, he was diagnosed as having traumatic spinal cord injury associated with a compression fracture of Th12 and had been clinically followed up. Six months later his admission, he presented with acute back pain and severe numbness in the bilateral lower extremities and was again admitted to our hospital\'s emergency room. The physical examination at his admission to our hospital revealed that the result manual muscle testing of the lower extremities was almost normal. His standing and walking were almost normal. MRI of the lumbar spine was performed again; T2-weighted images (T2WI) showed spinal cord swelling with intramedullary edematous change in the conus medullaris at the levels of Th11 through L1. Compared to the patient\'s previous MRI of the lumbar spine 6 months earlier, the finding of spinal cord swelling with intramedullary edematous change had become much more severe. Contrast-enhanced T1-weighted images (T1WI) showed good enhancement predominantly at the periphery of the swollen spinal cord ([Fig. 2](#fig0002){ref-type="fig"}). No evidence of other tumors except for multiple nodules in the skin was found on whole-body CT. No evidence of abnormality was found on brain MRI. From these findings, primary or metastatic spinal cord tumors were suspected. A Th10--L1 laminectomy and biopsy of the spinal cord were performed. The pathological specimens showed increased cellularity and pleomorphism of the nucleus. Immunohistochemical studies showed positivity for GFAP and S100. Focally, a gemistocytic change was found ([Figs. 3](#fig0003){ref-type="fig"}). The histopathological diagnosis of diffuse astrocytoma (World Health Organization (WHO) classification, grade II) with a focally gemistocytic change in the spinal cord was thus established. Isocitrate dehydrogenase (IDH) mutations were not tested because the tests were not popular in Japan at the time. The patient underwent radiation therapy with a total of 46.8 Gy. However, the disease progressed, and the patient died 1 year and 10 months after the radiation therapy.Fig. 1A 69-year-old male with NF1. MRI of the lumbar spine at the first admission just after fall. (A) Sagittal short TI inversion recovery image (STIR), (B) transverse T2WI at the level of Th12. There is a decrease in the height of T12 vertebral body with a bone marrow edema on sagittal STIR, which suggests a fresh compression fracture of Th12 (arrow). In addition, spinal cord swelling with intramedullary edematous change in the conus medullaris is also found at the level of Th12 on sagittal STIR and transverse T2WI (arrow heads). Therefore, the patient was diagnosed as having traumatic spinal cord injury associated with a compression fracture of Th12 from fall. There are multiple skin nodules in the lower back, suggesting multiple tiny neurofibromas.Fig 1Fig. 2A 69-year-old male with NF1. MRI of the lumbar spine 6 months later the first admission. (A) Sagittal T2WI, (b) transverse T2WI, (c) sagittal contrast-enhanced T1WI, (d) coronal contrast-enhanced T1WI, and (e) transverse contrast-enhanced T1WI. There is a decrease in the height of T12 vertebral body without a significant interval change. A healed compression fracture of Th12 is found. Spinal cord swelling with intramedullary edematous change at the levels of T9 through L1 is again found on sagittal and transverse T2WI (arrows), which may increase in size compared to the previous MRI 6 months before. Relatively strong enhancement predominantly at the periphery of the swollen spinal cord at the levels of T11 through L1 on sagittal, coronal, and transverse contrast-enhanced T1WI (arrow heads). Therefore, primary or metastatic spinal cord tumors are suspected.Fig 2Fig. 3A 69-year-old male with NF1. Pathological specimens of the swollen spinal cord show the proliferation of tumor cells with small to medium round nuclei in the matrix. There are slightly increased cellularity and pleomorphism of the nucleus (A). Focally, hypertrophic cells with abundant cytoplasm and 2 eccentric nuclei are found, suggesting gemistocytic cells (arrows) (B). The histopathological diagnosis of diffuse astrocytoma (WHO grade II) with a focally gemistocytic change in the spinal cord was thus established.Fig 3

Discussion {#sec0003}
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The molecular mechanisms of NF1 tumorigenesis remain unclear. However, NF1 gene is known as a tumor suppressor gene mapped to chromosome 17q11.2 and is expressed in almost all tissues but most highly in brain, spinal cord, and the peripheral nervous system. NF1 gene encodes the cytoplasmic protein neurofibromin, which is found mainly in neurons, astrocytes, oligodendrocytes, microglia, and Schwann cells in adults, and is also expressed in other cell types such as keratinocytes, adrenal medulla, and white blood cells. To date, it appears that a decreased production of the intracellular neurofibromin protein is caused by mutations of the NF1 tumor suppression gene in NF1. Neurofibromin is reduced or absent in neurofibroma cells, which are composed principally of Schwann cells without functional neurofibromin. In addition, it is also speculated that additional molecular cascades may be involved in the tumorigenesis of malignant tumors in NF1 [@bib0001],[@bib0002],[@bib0006],[@bib0007].

The most common malignant tumors in NF1 are MPNSTs. Approximately 5% to 10% of patients with NF1 develop MPNSTs, which are highly aggressive sarcomas and cause potentially fatal complications in NF1 patients. The development of MPNST in NF1 has been examined. MPNSTs are typically transformed from pre-existing neurofibromas in NF1. This malignant transformation may be the result of additional mutations in one or more genes controlling cell growth and differentiation. Subsequent genetic alterations of benign neurofibromas result in progression toward MPNST development. A number of genetic changes (including losses of TP53, RB1, and CDKN2A) as well as several oncogenes and cell-cycle genes, have been implicated in the development of MPNSTs [@bib0001],[@bib0002],[@bib0006],[@bib0007].

Most of the CNS tumors in patients with NF1 are optic gliomas, seen in 15% to 20% of NF1 patients. Other CNS tumors are brainstem and cerebellum gliomas. These intracranial gliomas in NF1 patients are usually astrocytomas. Chromosomal abnormalities at the NF1 gene have been reported in patients with astrocytomas who do not have NF1. Therefore, the NF1 gene may play some role in astrocytoma tumorigenesis, but this association has not been clearly defined as it has in other nervous system neoplasms that are typically associated with NF1. These tumors are usually observed in children with NF1. Although the tumors in children with NF1 do not progress to malignancy, adults with NF1 are prone to the development of high-grade gliomas. Such malignant CNS tumors are uncommon, affecting fewer than 1% of all individuals with NF1 [@bib0001],[@bib0002]. A relationship between traumatic events and tumorigenesis of gliomas reportedly remains controversial [@bib0008].

Interestingly, spinal tumors can be detected by MRI in 40% to 60% of patients with NF1, but these tumors may cause neurological symptoms in approx. 2% of NF1 patients [@bib0005]. Spinal tumors in NF1 causing symptoms are mainly in adults. In fact, most of the tumors involved in the spinal canal of NF1 patients are definitely neurofibromas, rarely astrocytomas. Therefore, spinal canal involvement in NF1 is typically from the extramedullary growth of spinal nerve root tumors [@bib0003],[@bib0005]. The development of an intramedullary spinal cord astrocytoma in NF1 patients remains unclear because of the rarity of intramedullary spinal cord astrocytomas [@bib0003], [@bib0004], [@bib0005]. To our knowledge, only seven cases of patients with NF1 and pathologically proven intramedullary spinal cord astrocytomas have been reported [@bib0003]. There is a trend for spinal cord astrocytomas to occur in the patients with NF1, while for spinal cord ependymomas to occur in the patients with NF2 [@bib0004].

In general, the most common site of spinal astrocytoma involvement is the thoracic cord, followed by the cervical cord. Isolated conus medullaris involvement is exceedingly rare, seen in approx. 3% of cases [@bib0009]. MRI is the diagnostic modality of choice; the tumors show poorly defined margins and are iso- to hypointense relative to the spinal cord on T1WI and hyperintense on T2WI. The length of spinal cord involvement is relatively long. Cysts are a common feature, with both polar and intratumoral types being observed. Nearly all spinal cord astrocytomas show at least some enhancement following the intravenous administration of contrast material. Because astrocytomas arise from the spinal cord parenchyma and not from the central canal, they are usually eccentric within the spinal cord \[[@bib0003], [@bib0004], [@bib0005],[@bib0009]. Although rare, these findings may mimic traumatic spinal cord injury when the patients had traumatic events. Therefore, clinical histories and symptoms are very important for differentiating spinal cord tumor from traumatic spinal cord injury. A close follow-up including contrast-enhanced MRI is also needed.

The prognosis for high-grade astrocytomas is poor. Gross total resection is not possible because of the infiltrating nature of these lesions. Gemistocytic astrocytomas are a distinct variant of astrocytomas, generally classified as WHO grade II, and are associated with an aggressive biological behavior and unfavorable prognosis as in our patient's case. Recently, IDH mutations have been tested. Clinical and molecular features of diffuse astrocytomas with or without IDH mutations have been further investigated [@bib0010]. Unfortunately, malignant transformation cannot be predicted on the basis of laboratory data. Further studies are necessary, including molecular analyses to clarify the mechanisms of tumorigenesis in NF1 [@bib0011]. MRI is helpful for assessing the malignancy based on the findings such as progression in size, heterogeneity in signal intensity, and progression and heterogeneity in contrast enhancement [@bib0005].

Approx. 40% to 65% of MPNSTs lead to local recurrence after surgery, and approx. 30 to 60% of MPNSTs develop distant metastasis, with pulmonary metastasis being the most common. Cutaneous MPNSTs usually have a better prognosis than their deep-seated form [@bib0007]. In our patient\'s case, tumor resections for cutaneous MPNSTs in the right shoulder and left buttock had previously been performed twice, and no local recurrence was identified. Initially, as for the conus medullaris lesion, we suspected traumatic spinal cord injury associated with Th12 compression fracture from fall. Six months later the first admission, the conus medullaris lesion was getting larger and showed heterogeneous contrast-enhancement on lumbar spine MRI. Therefore, we had a suspicion of primary or metastatic spinal cord tumors. At first, we considered a primary MPNST involving the spinal canal. However, as we noted above, MPNSTs must show extramedullary growth features. We next considered the possibility of distant metastasis of MPNSTs or other tumors into the spinal cord. In addition to its exceedingly rare nature, the finding of a solitary lesion in the conus medullaris is quite atypical as distant metastasis from previous cutaneous MPNSTs in the shoulder and buttock. No other tumor or lymphadenopathy was identified in our patient\'s whole body. Therefore, although rare, primary spinal cord tumors (in this case, intramedullary spinal cord astrocytomas) should be considered.

Conclusion {#sec0004}
==========

Most of the tumors involving the spinal canal of NF1 patients are reportedly neurofibromas, or understandably MPNSTs from neurofibromas, which typically show the extramedullary growth of spinal nerve root tumors. However, although rare, for intramedullary spinal cord tumors in patients with NF1, astrocytomas should be considered first. Particularly in adult cases, furthermore, clinicians should be aware that intramedullary astrocytomas may have a potential to transform into high-grade astrocytomas. Although rare, the MRI findings of spinal cord tumors may mimic traumatic spinal cord injury when the patients have vertebral fractures and spinal cord abnormalities at the same level of the spine after traumatic events as in the present case. In our case, contrast-enhanced MRI and biopsy of the spinal cord were required to establish the final diagnosis. Therefore, a close follow-up including contrast-enhanced MRI is very important in addition to clinical histories and symptoms.
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